Introduction
Congenital diaphragmatic hernia (CDH) is the most common defect of the diaphragmatic muscle that separates the thoracic cavity from the abdominal cavity. This malformation allows part of the abdominal structures (intestinal loops, stomach and liver) to herniate into the thoracic cavity, hampering the normal development of the lung and resulting in abnormalities in cardiac function (Santos et al., 2008; Johnson, 2005) .
This defect may result in severe repercussions even in the prenatal period, with a high rate of intrauterine or early neonatal mortality, principally due to pulmonary hypoplasia (Santos et al., 2008; Johnson, 2005) . Prenatal diagnosis is possible; however, in less severe cases diagnosis may be reached later, beyond the neonatal period at more advanced ages, although this is less common (Santos et It is therefore prudent to invest in new diagnostic techniques and therapies for application in the prenatal period in an attempt to permit normal lung development and a consequent improvement in the care provided to these patients.
Epidemiology
The incidence of congenital diaphragmatic hernia varies greatly depending on the origin of the data, whether resulting from studies conducted pre-or postnatally or based on surgical studies. In surgical studies, data losses occur due to pregnancy termination, miscarriage, prenatal mortality and immediate neonatal mortality. The neonatal incidence rate is around 1 in 5,000 to 1 in 3,000, whereas the prenatal incidence rate is 1 in 2,000 (Santos et al., 2008; Johnson, 2005) .
The most common site of CDH is posterolateral and this malformation is more commonly found in males, in a proportion of 2 to 1. Unilateral CDH is more common than bilateral, with unilateral hernias being more likely to occur on the left side (Santos et al., 2008; Johnson, 2005) . A significant association has also been found with other congenital malformations, aneuploidies and genetic syndromes (Santos et 
Anatomy
The diaphragm is the musculotendinous structure interposed between the thoracic and abdominal cavities. It is dome-shaped, its convex upper surface forming the floor of the thoracic cavity and its concave lower surface forming the roof of the abdominal cavity. The muscular portion is located at the peripheral part, being affixed to the lower thoracic wall along its entire circumference, and divided into three portions: sternal, costal and lumbar. The fibers extend from the peripheral part, converging at the center of the muscle and forming the central tendon, where the foramen of the inferior vena cava is situated to the right of the median plane (Fregnani et al., 2005 ; Sociedade Brasileira de Anatomia, 2001).
The sternal portion of the diaphragm, the smallest part, is attached to the back of the xiphoid process. The fibers of the costal portion are found laterally to the sternal portion. Together, the costal and sternal portions form a small triangular gap on both sides, the base of which faces forwards, with the apex facing backwards towards the central tendon. The costal portion comprises the muscular fibers of the lateral region and the anterior portion of the diaphragmatic muscle. The lumbar portion is located in a posterior position, where the esophageal and aortic hiatuses are found. In the posterolateral region, between the costal and lumbar portions, there is a triangular gap on both sides, the base of which is directed downwards to the quadratus lumborum muscle, while the apex is directed upwards to the tendinous center. These gaps are known as the right and left lumbocostal triangles (posterolateral), also known as Bochdalek's triangles (Fregnani et al., 2005 ; Sociedade Brasileira de Anatomia, 2001).
Classification
The diaphragmatic hernia is classified in accordance with the site of the malformation, reflecting its embryologic origin. There are four types of diaphragmatic hernia (Santos et al., 2008; Johnson, 2005 ):

Posterolateral defect or Bochdalek hernia, the most common type and responsible for 85-90% of cases detected neonatally. The malformation occurs through the pleuroperitoneal canal and may be unilateral or bilateral. The left side is the more common site, corresponding to 80% of cases. This phenomenon is probably related to the fact that fusion occurs later on the left side than on the right side. Bilateral hernias are the least common, constituting approximately 5% of all cases.  Parasternal defects or Morgagni hernias are rare, constituting 1-2% of all cases of CDH. They occur in the anterior segment of the diaphragm, between the costal and sternal origins of the organ, on the right.
Malformations of the septum transversum, located at the midline, occur due to defects in the central tendon of the diaphragm.  Hiatal hernias are less important clinically. They are the result of a congenitally wide esophageal orifice; however, they do not permit the passage of abdominal organs into the thoracic cavity.
Embryology
The diaphragm is formed between the 4 th and 12 th weeks of pregnancy from the septum transversum, the pleuroperitoneal membrane, the dorsal mesentery of the esophagus and from muscle growth. This structure is totally formed at 8-12 weeks and its fusion is complete before the bowel returns to the abdominal cavity The right hemidiaphragm consolidates earlier than the left, which, together with the position of the liver on the right side, may explain why the Bochdalek hernia is more common on the left side, whereas parasternal hernias are more common on the right, due to the fact that the pericardium protects the left side, hampering the development of hernias on this side (Arraez-Aybar et al., 2009).
Etiopathogenesis
No environmental etiological factor has been identified as being potentially responsible for CDH in humans. However, CDH has been induced experimentally with the use of thalidomide, vitamin A deficiency, polybromobiphenyls and nitrofen (Arraez-Aybar et al., 2009). There are reports in the literature that smoking and radiofrequency may constitute possible causes of CDH (Caspers et al., 2010; Yamagami et al., 2011) ; however, further studies need to be conducted to confirm these hypotheses.
The occurrence of CDH is normally sporadic; nevertheless, familial CDH has already been reported (Narayan et al., 1993) . Another study suggested the possibility of alterations in the genome of patients with congenital diaphragmatic hernia, either isolated or non-isolated (Wat et al., 2011) . Plenty of evidence of a genetic link in some cases but this is beyond the scope of this chapter.
Two hypotheses have been raised to attempt to explain the origin of diaphragmatic hernias: as a failure in fusion or as a primary defect (Johnson, 2005) . It has been suggested that when an abnormality occurs in the development of the diaphragm during the embryonic phase, a malformation occurs in the fusion of the pleuroperitoneal membranes, causing a persistent fault. The abdominal organs then fail to be covered by the peritoneum. Consequently, the hernia sac will also fail to be covered by the peritoneum, as occurs in cases of Bochdalek hernia. This is why it is considered a false hernia (Arraez-Aybar et al., 2009).
On the other hand, in the primary defect, which occurs in the fetal phase when the pleuroperitoneal hiatus has closed but muscle migration is incomplete, the defect is located in the diaphragmatic muscle. Therefore, the increase in abdominal pressure may push the abdominal viscera through the thoracic cavity and consequently the hernia sac will be covered by the peritoneal membrane, as occurs in the case of parasternal hernias. These cases are considered true hernias ( 
Natural history
A diaphragmatic hernia is a congenital malformation occurring in the first trimester of pregnancy; however, the time at which the hernia sac can be identified has yet to be determined. There are well-documented cases in which a prenatal ultrasonography scan performed in the second trimester had been normal but a diagnosis of diaphragmatic hernia was made at a later scan or even at birth (Johnson, 2005; Bronshtein et al., 1995) . The time of CDH diagnosis has been evaluated in relation to perinatal prognosis. Survival rates are better in cases diagnosed at birth or in the third trimester compared to cases in which diagnosis is made in the early prenatal phase (Johnson, 2005; Manni et al., 1994) . However, when cases diagnosed prenatally were compared with nondiagnostic sonographies (falsenegatives), survival was similar in both groups (Johnson, 2005 ; Lewis et al., 1997). The reason for this herniation occurring earlier or later has yet to be satisfactorily explained in embryological terms (Johnson, 2005) .
Pregnancies in which the fetus has a congenital diaphragmatic hernia may be complicated by polyhydramnios, which predisposes the patient to premature delivery. CDH may be associated with other congenital abnormalities, aneuploidies and genetic syndromes, conditions that affect the survival rate (Johnson, 2005) .
The necessary conditions for adequate pulmonary development are: adequate intrathoracic space, normal fetal respiratory movement and the presence of a normal amount of amniotic fluid. If one of these conditions is deficient during the canalicular phase of pulmonary development (from the 17 th to the 26 th weeks of pregnancy), pulmonary hypoplasia will probably occur (Johnson, 2005; Burri, 1984) . Therefore, principally as a result of reduced intrathoracic space, pulmonary hypoplasia is common in cases of CDH and constitutes a significant cause of mortality in these patients (Johnson, 2005; Santos, et al., 2008 ).
Prenatal diagnosis
Detailed ultrasonography is the most important method of prenatal diagnosis, since it permits a meticulous evaluation of the CDH and of any associated congenital abnormalities, in addition to following up the condition during pregnancy (Johnson, 2005; Santos, et al., 2008) . Fetal morphological examination by ultrasonography should be performed for the purpose of obtaining the greatest amount of information possible. It is important to determine the site of the lesion, which abdominal organs are inside the thorax, any alterations in amniotic fluid, fetal respiratory pattern, the degree of deviation of the mediastinum and the heart, cardiac compression and pulmonary volume, all of which constitute useful information for evaluating perinatal prognosis and helping define optimal prenatal and postnatal management (Johnson, In cases of left diaphragmatic hernias, the presence of the stomach is viewed in the same plane used to evaluate the four chambers of the heart. When the hernia is located on the left, the stomach, the intestinal loops and the spleen may be found inside the thoracic cavity ( Figure 1 ). If the defect is on the right, it is the liver that may be seen in the fetal thoracic cavity (Figures 2 and 3 ). It should be emphasized that hernias located on the right side may be diagnosed later in view of the similarity between the echogenic appearance of the hepatic parenchyma and that of the lung.  Deviation of the mediastinum and heart with cardiac compression (Figures 1 and 2 ).  Paradoxical movement of organs during fetal respiratory movement.  Absence of normal integrity of the diaphragm, as seen on the longitudinal fetal plane.  Polyhydramnios is generally associated with CDH; however, this condition is rarely seen prior to 24 weeks. A normal prenatal ultrasound scan does not guarantee that CDH is not present. The condition may be diagnosed later, still prenatally by ultrasonography or neonatally, even when a previous scan carried out in the second trimester of pregnancy was normal (Bronshtein et al., 1995; Johnson, 2005 
Associated abnormalities

Differential diagnosis
Differential diagnosis should be made with other thoracic cystic diseases such as congenital cystic adenomatoid malformation (CCAM) of the lung, bronchogenic cysts, tumors and neurenteric cysts (Santos et al., 2008) . At this stage, fetal morphological examination is of crucial importance, and the patient can be submitted to threedimensional ultrasonography or MRI as a complement to conventional ultrasonography to clarify any remaining doubts.
Prenatal conduct
Pregnancies with suspected or confirmed CDH should initially be referred to a specialist perinatal center for confirmatory tests and multidisciplinary follow-up (Santos et al., 2008) . At the specialist perinatal center, fetal morphological examination by ultrasonography is used to confirm or refute the initial diagnosis and to provide details of the CDH, or any other abnormalities (Santos et al., 2008 ).
The following factors regarding the CDH, must be described: the side on which the diaphragmatic hernia is situated, which abdominal organs have been herniated into the thorax, the position of the liver and lung, the degree of deviation of the mediastinum, cardiac compression, the ratio between lung volume and head circumference, estimated lung volume and the volume of amniotic fluid (Johnson, (Harrison et al., 1993) . Intrauterine surgery under these circumstances remains controversial and alternative methods have been proposed such as fetal tracheal occlusion (Harrison et al., 1996) . Although theoretically this technique appears promising, further clinical trials still need to be conducted before it can be performed routinely. It is important to emphasize that fetal surgery involves a significant risk of maternal morbidity and should only be undertaken when the expected improvement in fetal survival with this conduct exceeds the risks involved (Johnson, 2005) .
More recently, fetal endoscopic tracheal occlusion (FETO) has been used and has proven to be a more viable and safer option. The most common complication is premature rupture of membranes; however, survival rates are apparently higher. Nevertheless, randomized clinical trials must be conducted before FETO can be confirmed as a viable option for increasing survival in these patients. The cases in which FETO may be useful FETO is a technique in which a balloon is introduced for tracheal occlusion through an endoscope with a 1.0 mm optical lens (fetoscopy). This tracheal occlusion permits pulmonary insufflation, thereby increasing intrathoracic pressure, which maintains the abdominal organs outside the thoracic cavity. To perform this procedure, the mother must be under epidural anesthesia and the fetus under intramuscular anesthesia (Ruano et al., 2011).
One study described FETO as a viable alternative for improving neonatal outcome in severe cases of CDH. A higher survival rate (52.9% versus 5.6%; p<0.01) and a lower rate of pulmonary hypertension (47.1% versus 88.9%; p=0.01) were reported with the use of FETO. There was no statistically significant difference between the groups with respect to gestational age at delivery (35.6 weeks in the FETO group versus 37.5 weeks in the control group); however, it should be emphasized that the sample size was small (n = 35 women) (Ruano et al., 2011) .
In pregnancies between the 24-34 th weeks, antenatal corticosteroids is administered to accelerate lung maturity in accordance with the risk of prematurity and following routine procedure at each institution (betamethasone or dexamethasone) ( 
Prognosis
When there is a confirmed prenatal diagnosis of CDH, prognosis should be established. This is extremely difficult, particularly in view of the increasing advances in perinatology and pediatric surgery, which have contributed towards increasing the perinatal survival rate. Nevertheless, the most important factors in poor prognosis are the presence of associated malformations and the severity of pulmonary hypoplasia and hypertension, mortality rates remaining high in these cases despite the advances in neonatal intensive care with the introduction of extracorporeal membrane oxygenation (ECMO) (Santos et al., 2008) . The presence of associated malformations.  Suspected pulmonary hypoplasia.  Large deviation of the mediastinum -defined as a deviation in which, in a crosssectional plane of the fetal thorax, the heart is found to be entirely in one or the other hemisphere, created by an imaginary line between the sternum and the spine.  Polyhydramnios, a relatively late manifestation associated with poor prognosis.  Presence of the liver in the thoracic cavity, which may be diagnosed by MRI.  Early gestational age at diagnosis.
When the diagnosis is made prior to the 24 th week of pregnancy, the prognosis is unfavorable due to the stage of lung development at which the abnormality occurred. In this period, not only are the airways affected, causing pulmonary hypoplasia, but there is also a reduction in the number of blood vessels, resulting in postnatal pulmonary hypertension. In this case, mortality is very high, around 60-80% (Santos et al., 2008) . Therefore, the earlier the prenatal diagnosis, the poorer the prognosis and the lower the probability of perinatal survival (Johnson, 2005; Santos et al., 2008) .
Antenatal prediction of pulmonary hypoplasia is important since this diagnosis permits parents to be given appropriate counseling and selection to be carried out of those cases that would benefit from prenatal surgery. However, the issue remains a challenge for specialists in fetal medicine (Santos et al., 2008) . The ability to predict perinatal outcome by prenatal ultrasonography when an isolated defect is present is limited, with many studies showing disappointing results (Johnson, 2005) .
Various ultrasonographic parameters have been proposed to predict the probability of developing pulmonary hypoplasia. These include thoracic circumference, the calculated difference between the thoracic area and the heart area, lung area, thoracic circumference to abdominal circumference ratio, thoracic area to heart area ratio, the calculated difference between the thoracic area and the heart area to thoracic area ratio, lung-to-thorax transverse area ratio, and the lung-to-head ratio i.e. the ratio between the right lung area and head circumference (Johnson, Pulmonary blood flow has also been investigated for this purpose. A recent study used Doppler velocimetry of the pulmonary artery to predict prognosis and morbidity in fetuses with a diaphragmatic hernia that had been submitted to FETO. Doppler may also be used to define those fetuses that would benefit from this intrauterine therapy. The study concluded that following therapy, the combination of a relatively greater lung-tohead ratio and better pulmonary tissue perfusion improved the prediction of fetal survival (Cruz-Martinez, et al., 2011).
Therefore, authors suggest that fetuses with a congenital diaphragmatic hernia and a poor prognosis for postnatal treatment can be identified as those in whom part of the liver has been herniated into the thoracic cavity, those in whom diagnosis was made early (prior to the 25 th week), those with defects on the left side and the ones with a low lung-to-head ratio (Santos et al., 2008) ..
It should be emphasized that, in general, all these methods represent efforts to predict pulmonary hypoplasia; however, the reproducibility of these measures has not been considered satisfactory (Johnson, 2005) . It should also be noted that pulmonary hypoplasia probably begins prior to the 24 th week of pregnancy (at the end of the canalicular phase); therefore, all these parameters are only valid for a diagnosis of pulmonary hypoplasia that is already present and cannot be used to select patients who are candidates for a possible preventive intervention (Johnson, 2005) .
MRI can be used to determine prognosis in fetuses with CDH. One study included 12 fetuses with a prenatal diagnosis of CDH who were treated following birth and whose mothers had undergone MRI scanning in the 29 th to 37 th weeks of pregnancy. The ratio between the intensity of the signal in the lung and the intensity of the signal in the cerebrospinal fluid was calculated by analyzing the region of interest with T2 images. This ratio was found to be significantly higher in the infants who survived compared to those who died, and there was a statistically significant correlation with the duration of endotracheal intubation. The authors suggested that this ratio could be used to evaluate the degree of pulmonary hypoplasia (Terui et al., 2011) . MRI has also been used to confirm the presence of the liver in the thoracic cavity, an important prognostic factor (Amim et al., 2008; Souza, 2008) .
A study conducted with 153 fetuses with a diagnosis of CDH evaluated the lung-to-head ratio (area of the contralateral lung divided by the circumference of the head) using ultrasonography, while MRI was used to measure lung volume. Measurement of the lungto-head ratio using ultrasonography provided a good estimate of the fetal lung volume measurement provided by MRI. Additional parameters such as gestational age, the position of the liver and the side of the defect did not increase the accuracy of the calculation of the contralateral lung volume .
Another important point frequently discussed is that prognosis is directly related to neonatal care. One study found that neonatal survival increased from 67% to 88% following implementation of guidelines for the management of patients with CDH. These new guidelines established the administration of nitric oxide in the delivery room, careful ventilation of the newborn infant, fewer criteria for the implementation of ECMO and surgical repair within an appropriate time. It should be emphasized that survival of the patients on ECMO increased from 20% to 82% (Antonoff et al., 2011) . Another study conducted with 167 fetuses with CDH diagnosed prenatally also reported an improvement in survival following implementation of guidelines for the management of these patients (van den Hout et al., 2011).
The optimal time to perform surgical correction remains unclear: either after the condition of the infant has been stabilized or immediately within 24 hours. A major randomized, multicenter clinical trial is required to clarify this question (Moyer et al., 2011) . Delaying surgery until the infant has been stabilized appears to be associated with better postsurgical outcome; however, this conduct may result in the infant dying prior to surgery in those more severe cases (Johnson, 2005) .
In relation to nitric oxide, the available evidence appears to be in favor of the use of inhaled nitric oxide at an initial concentration of 20 ppm for full-term newborns or those born near term with acute hypoxemic respiratory failure; however, there is few randomized clinical trials (RCT) supporting its use in patients with diaphragmatic hernia (Finer & Barrington, 2011) .
Modern methods of postnatal management appear to present varying results. ECMO and high-frequency oscillatory ventilation (HFOV) have shown disappointing results, with no great improvement in perinatal survival (Johnson, 2005) . Although HFOV plus conventional ventilation has shown results that are similar to those found with ECMO. Up to the present time, there is insufficient evidence, based on RCT, to recommend its use (Henderson-Smart, et al., 2011). It should be noted that ECMO may be associated with long term development problems; therefore, careful follow-up is required (Johnson, 2005) .
A meta-analysis made available in the Cochrane library, which includes four randomized clinical trials (n=244), found that the use of ECMO in neonates with severe respiratory failure significantly improved survival, with a lower risk of death prior to discharge from hospital (RR 0.44; 95%CI: 0.31 -0.61) and a lower risk of death in the first year of life (RR 0.52; 95%CI: 0.37 -0.73). Nevertheless, there is insufficient evidence for its use in patients with CDH (Mugford et al., 2011) .
